Additional index words. strawberry plasticulture, row covers, income potential, Fragaria ·ananassa Abstract. Until recent years, there have been few attempts in the midsouth to evaluate alternative types of strawberries (e.g., day-neutrals); alternative cultural systems (e.g., tunnel culture); or specific products (e.g., rowcovers) that could be used for either season extension and/or off-season production. In the early 2000s, research was undertaken to evaluate day-neutral (DN) strawberry production in higher elevations in western North Carolina for harvest in the summer and fall. The effect of DN cultivar, plastic mulch color, planting dates, and plant types was studied in at the Upper Mountain Research Station, Laurel Springs, NC (elevation 914 m) over several seasons. In the 2004 season,
have averaged $1.32 and $1.68 kg, respectively (2001 to 2005) . Assuming a production level of ' '1 kg/plant, market prices above $2.48 kg (breakeven cost) will be needed to make day-neutral strawberry production in the southern Appalachians a profitable venture. We observed peak periods of heavy production in midsummer and more research is needed to identify cultural strategies with plastic mulches, plant types, and possibly rowcovers to increase fall fruit volumes.
There is a growing consumer demand for a year-round supply of fresh high-quality small fruits in North America (Vanden Heuvel, 2006) , but not until relatively recent years have there been attempts in eastern regions of the United States (Durner, 1999; Pritts and Kelly, 1995; Takeda, 1999 Takeda, , 2002 , and specifically in the midsouth (Fernandez and Ballington, 2003; O'Dell, 1998; Pattison and Wolf, 2007; Straw, 2005) , to evaluate offseason (e.g., tunnel or greenhouse production in late fall and winter) or extended-season cropping options (e.g., outdoor summer and early fall day-neutral strawberries).
By way of background, the majority of strawberry producers in the southeastern United States and mid-Atlantic states currently use the annual hill plastic mulch production system known as ''strawberry plasticulture'' (Poling, 2004 (Poling, , 2008 . In North Carolina, strawberries grown in this system are locally marketed (selling by pick-your-own, prepick, roadside stands, and farmers' markets) over a 5-week period in any one growing area. The peak harvest months are April, May, and early June with the season progressing from the eastern coastal plain areas of the state into the mountains (western portion of the state). The strawberry plasticulture production and marketing system in the midsouth has several important advantages over matted row culture, including earlier and longer harvests, cleaner fruit, and increased quality and yields (Pattison and Wolf, 2007; Poling, 2004) .
In 2003, there were an estimated 809 ha of strawberry plasticulture production in North Carolina compared with 11,980 in California and 2,870 in Florida (Poling, 2008) . For the period from 2000 to 2003, average yields per ha in the plasticulture system in North Carolina fluctuated between 22 and 30 MTÁha -1 (Boriss et al., 2006) , or %590 to 810 g/plant (assuming 36.9 thousand plants/ ha with double-row plant beds and spacing in the row of 35.6 cm and 1.52 m between rows). Safley et al. (2004) estimated typical production and marketing costs for this system to be %$33,460 ha. By achieving a marketable yield of only 13.4 MTÁha -1 (364 g/plant), a slightly positive net return of $511 ha ($207 per acre) can be achieved with a pick-your-own price of $1.87 kg ($0.85 lb) and prepick (ready pick) price of $3.08 kg ($1.40 lb) (Safley et al., 2004) . However, a grower achieving 22.4 MTÁha -1 (607 g/plant), or %20,000 lb per acre, could realize a net revenue of $18,720 ha ($7,576 per acre) (Safley et al., 2004) . Although the conventional strawberry plasticulture system provides only 5 weeks of harvest in the spring, it should be recognized that growers are capable of generating average weekly profits of over $3700 ha (over $1,500 per acre). Assuming yields of 22.4 MTÁh -1 , production and marketing costs of $33,460 ha (BE of $1.49 kg) and pick-your-own price of $1.87 kg ($0.85 lb) and the prepick price of $3.08 kg (two-thirds of the marketable yield sold pickyour-own and one-third prepick).
Strawberry plasticultrure growers in the midsouth have achieved some success in advancing the harvest by 10 d to 2 weeks in the early spring with the use of floating rowcovers applied in midwinter and left on the crop until the early blossom period. However, in most areas of North Carolina, it is difficult to extend harvest beyond the spring season with either short-day (SD) or day-neutral (DN) type strawberries because of warmer temperatures that occur in mid-to late May.
In recent years, there have been a few reports in the literature on strawberry production systems that would potentially allow growers in the midsouth to achieve extended cropping with DN strawberries in the summer (Straw, 2005) and with double-cropping in the off-season (late fall/winter) (Fernandez and Ballington, 2003) . Fernandez and Ballington (2003) have reported for a coastal plain location in North Carolina that conditioned and unconditioned 'Sweet Charlie' plants produced 127 to 175 g/plant and 0 to 44 g/plant, respectively, in unheated high tunnels in the late fall and early winter. At a piedmont location in North Carolina, conditioned plants established on the earliest date averaged 65 g/plant, whereas those established on the last date only averaged 15 g/plant (Fernandez and Ballington, 2003) . Spring yields from the coastal plain region were lower than the piedmont region. Spring yields ranged from 150 to 350 g/plant at the coastal plain site and 200 to 373 g/plant at the piedmont location.
In reference to the fall and spring production option (double-cropping) with conditioned plugs (Fernandez and Ballington, 2003) , Straw (2005) observes that ''recovering production costs in the fall'' may be an important way to reduce risks associated with annual strawberry plasticulture production. However, despite often high local prices for off-season fruit of $35 to $40 flat (8-· 454-g clamshells) (Straw, 2005) , or $9.67 to $11.04 kg, the double-cropping program has not been adopted by more than a few growers in North Carolina and South Carolina.
In Tennessee, Straw (2005) has investigated the potential of fall fruiting of 'Sweet Charlie' (SD type), along with 2 DN strawberry cultivars (Everest and Seascape) at the Plateau Experiment Station near Crossville, but problems were encountered with wildlife feeding on plants as well heavy and frequent rainfalls at harvest and anthracnose fruit rot.
In the mid-Atlantic region of the United States, Takeda (2002) has investigated outof-season strawberry production and found that plug plants of the SD cultivar Chandler produced 600 to 700 g of fruit in winter without low-temperature chilling treatment of plug plants. Durner (1999) has also reported on winter greenhouse strawberry production using conditioned 'Sweet Charlie' plug plants. In Virginia, Pattison and Wolf (2007) have evaluated protected culture for season extension and report that a 7.3 · 60.9 tobacco greenhouse or high tunnel planted a density of %10 plants/m 2 can yield 619 g/plant for an approximate 60-d period from early March to early May (2006) . A marketable yield of 619 g/plant is comparable to productivity levels reported for strawberry plasticultrure production of from 22 to 30 MTÁha -1 (Boriss et al., 2006) , or %590 to 810 g/plant.
Although fall and winter production of strawberries may be technically feasible (Fernandez and Ballington, 2003) , there have not been any economic analyses reported in the literature for alternative production systems in the midsouth. An economic analysis is currently underway for a SARE research project in Pennsylvania and Maryland where Lantz et al. (2008) are evaluating summer harvest of DN strawberry cultivars (Seascape and Everest) in higher elevation areas (Garrett Co., MD, elev. 762 m; and Rock Springs, PA, elev. 457 m).
Temperatures exceeding 30 to 32°C will often end the spring harvest season by inhibiting further flower bud formation and development. Serce and Hancock (2000) have also indicated that, ''A common complaint with day-neutral strawberries is that they perform poorly in mid-summer heat''. However, appropriate temperatures for summer and possibly fall production of DNs may occur in a number of areas in the southern Appalachians at 760 to 900 m and above (Poling and Ballington, 2006) (Brown, 2005) , growers in this region are being challenged to find ways to transition from tobacco into other crops and value-added enterprises.
Developing a profitable DN strawberry plasticulture production and marketing system for tobacco farmers in the southern Appalachians is going to require the talents of small fruit breeders working in concert with growers, nursery producers, cultural workers, plant pathologists, entomologists, and economic and marketing experts. The primary purpose of this research project was to investigate the opportunity for summer and fall strawberry harvest at high elevation sites in the southern Appalachians with promising DN cultivars from California and the United Kingdom. Over the period 2002 to 2004, there were 3 DN strawberry studies conducted at the Upper Mountain Research Station, Laurel Springs, NC (36.4 N, -81.28 W, 914 m elev., and U.S. Department of Agriculture hardiness zone 6a). In addition, we evaluated the effects of plastic mulch color, plant types, and planting dates.
Materials and Methods

experiment. Transplanting dates in
2002 for cold-stored plants of 4 DN cultivars (Aromas, Diamante, Everest, and Seascape) were on 15 Apr., 1 May, and 15 May. Dormant plants were established on raised beds fumigated with methyl bromide/chloropicrin with either white/black or black plastic mulch using standard plasticulture production methods (Poling, 2004) . This initial experiment was replicated only two times in a randomized complete block design arranged in a split-split-plot layout in which the two plastic mulches were assigned to the main plots; the three planting dates were assigned to the subplots; and the four cultivars were assigned to the subsubplots. There were 24 dormant (frigo) plants transplanted per 1.52 · 3.65-m plot; plant spacing was 30.5 cm between plants in the row and 30.5 cm between rows in double-offset rows with drip irrigation buried 5 cm in the bed middle. The plants were fertigated with 5.6 kgÁha -1 nitrogen with the beginning of growth and throughout the flowering and fruiting season every 3 weeks. The first flowers (initiated the previous fall) were removed by hand. Floating rowcovers (51 gÁm . Field preparation and plastic mulch comparisons (white/black versus black plastic mulch) were the same as previous experiments. This experiment was replicated three times in a randomized complete block design arranged in a split-splitplot layout with the two plastic mulches assigned to the main plots; the two planting dates assigned to the subplots; and the two cultivars assigned to the subsubplots. (Table  1) . Unfortunately, 'Everest' fruit quality was rather poor in the initial harvests each year and then gradually improved through the season, but it was never better than average. In contrast, 'Seascape' fruit quality was consistently good throughout the season each year. However, only fair yields were achieved with 'Seascape' in 2003 as a result of unanticipated difficulties encountered in locating disease-free transplants of this cultivar in 2002. More recently, we have evaluated the newer California DN 'Albion' at this same location (Laurel Springs), and in its first season of testing (2007), an average marketable yield of 1.02 kg/plant was achieved from harvests, which began on 15 May 2007 and lasted until 16 Oct. 2007 (unpublished data) . Because of its attractive appearance, firmer texture, and excellent flavor, 'Albion' (a recent release from the University California) appears to be a promising candidate for local marketing in the summer and fall, and we are now increasing our research emphasis on this newer California DN. 'Albion' has significantly better fruit size than 'Seascape', making this cultivar an excellent candidate for ''local'' fresh market shipping. Chainstore buyers are now requiring clamshell berry counts of 32 or less per 454-g container (personal communication with NC grower-shippers). A 2007 seasonal average berry size of 20.3 g for 'Albion' represents a 22 versus 28 count for 'Seascape' We found that by changing plant spacing from 30.5 cm between plants in the row to 45.7 cm, we did not experience any adverse effects on productivity per unit area, and the reduced plant crowding at the 45.7-cm spacing benefitted harvest operations. Assuming plug costs of $0.25 each, growers could potentially realize a saving in plant costs/ha of more than $3500 with the 45.7 cm · 1.52-m spacing.
Plastic mulch. Strawberry DNs have apparently achieved little success in continental climates of the eastern United States as a result of summer temperatures that are frequently high enough to inhibit flower bud formation. Thus, in addition to selecting a high elevation site (greater than 900 m) in western North Carolina for testing summer and fall strawberry DN production, we also examined the influence of cooler white plastic mulch film versus black, which is the standard film used in the fall-planted strawberry plasticulture system (Poling, 2004) . White mulch on top of black plastic (laminated) appeared to give better production than the black film in 2002 and 2004, but in a cooler season (2003), the black plastic mulch gave higher yields (Table 2) .
In our test location, we also observed that DN strawberry crops on white and black plastic have distinctly different harvest peaks during the summer and early fall. As part of on overall economic and market development strategy for DN strawberries, workers in Pennsylvania and Maryland have reported, ''Supermarkets have cautioned us that fruit should be available every week of the year and should be produced within 200 miles (321 km)'' (Lantz et al., 2008) , and Sjulin (2003) has previously identified the value of increasing, ''overall summer volume without creating peak periods of heavy volume''. Thus, to help producers in the southern Appalachians achieve consistent week-tovolumes of DN strawberries throughout the summer and fall, we plan to continue our investigations of various plastic mulch materials in future trials as well as to evaluate different plant types and planting dates (discussed in the next section) to improve the overall harvest distribution pattern in summer and fall without creating ''peak periods of heavy volume'' (Sjulin, 2003) . It is also noteworthy that our harvest crew did not observe any loss in fruit quality for berries produced on black plastic versus white plastic in any season (Larry Wohlers, Horticultural Crop Technician, UMRS, Laurel Springs, personal communication).
Plant types, planting dates, harvest season length, and distribution. In developing a cultural system for summer and fall DN strawberry production, it is also important to identify reliable sources of DN plant material as well as plant types that will optimize production. Dormant plant material was not directly compared with plugs in any one season, but it would appear that fall-planted plugs are more productive, because yields of both 'Everest' and 'Seascape' were substantially higher in 2004 (when only plugs were used) than in 2002 (Table 1) .
Strawberry plasticulture growers in the southern Appalachians could potentially achieve production in the summer and fall with DN cultivars, and this could be combined with an average 5-week 'Chandler' (SD) season in the spring for as many as 5½ months of continuous fruiting (May through mid-October). In 2002, the harvest began on 15 July and continued until the first week of October (22 harvests, semiweekly harvests). It was interesting to note that although planting on 15 April and 1 May (2002) led to earlier production, the harvest peaks for these 15 Apr. and 1 May occurred in August, whereas the peak production for DN material plants established on 15 May occurred in September (data not shown) when wholesale fresh market strawberry prices to growers are generally much higher than earlier in the summer (Table 3) .
In 2003, we switched to planting plugs in the fall (30 Oct. 2002) , and DN harvest began %3 weeks earlier (24 June) than the previous year when we used dormant plant material set in the spring. The harvest in 2003 continued until early October (24 harvests, semiweekly harvests). In 2004, harvest once again began on 24 June and continued through the first week in September (20 harvests, biweekly harvests). In 2003 and 2004, we observed harvest peaks near the end of July and in early August (data not shown). From a market price standpoint, it would be desirable to modify our production program so that higher production volumes would occur in later summer and early fall when growers could possibly obtain a greater price premium for berries produced in September and October (Table 3) .
Economic implications. It is very exciting to think about the potential of growing DN strawberries for summer and fall fruiting in the eastern United States, but it is also critical to remember that profitability ultimately determines whether DN strawberry production is an economically viable enterprise for burley tobacco and other growers in this region of North Carolina seeking an alternative crop. As is often the case in the early stages of work with a new horticultural enterprise, the research is largely from a breeding and cultural perspective (i.e., what are the best cultivars and growing practices?). It is also quite common for most businesses to initially concentrate on creating products and services (supply-side economics) and then at a later stage attempt to stimulate a demand for them (Kash, 2002 ). An alternative business approach is to first determine what Table 6 . current and existing demand exists and then only create products and services to meet that demand. This is also referred to as a marketdriven approach (Poling, 1993) . In North Carolina, we have not yet developed an actual budget for summer season DN strawberry production costs and returns nor have we conducted an analysis of the demand for this product. However, it is possible to make some preliminary projections about the costs and returns associated with this system relative to the conventional strawberry plasticulture system with spring season harvest. For example, we can estimate preharvest production costs of %$0.74 kg (Table 4) based on past economic analysis of strawberry plasticulture production (Safley et al., 2004) and assuming DN marketable yields of 36,450 kgÁha -1. This assumed production level of 36,450 kgÁha -1 (1.27 kg/plant) represents the highest production level we achieved with the cultivar Everest in 2004 using white/black plastic mulch and 25 Sept. 2003 planting date (data not shown). For the purpose of this preliminary analysis, we assigned costs similar to those experienced by Florida strawberry growers for harvesting, packaging, and marketing of $1.54 kg ($0.85 + $0.69), and this would bring our projected total cost per unit to $2.28 kg (Table 4) , which is significantly higher than the average wholesale market prices paid to U.S. fresh market strawberry growers in the months June, July, August, September, and October (Table 3) . One can easily evaluate other production levels as shown in Table 5 to see the impact of total marketable yield on cost per unit (kg) of production (shown in column f).
For the 'Everest' treatment that produced 1.27 kg/plant in 2004, 45% of the fruit was harvested in July and 49% was harvested in August (Table 6 ). Wholesale prices in July and August have averaged $1.32 and $1.68 kg, respectively (Table 3) , and this treatment could potentially have generated yields of 36,450 kgÁha -1 worth an estimated $55,151 ha (Table 6 ). However, with costs of $2.28 kg, or $83,106 ha ($2.28 · 36,450 kgÁha -1 ), this would potentially lead to an estimated loss of $27,955 ha ($83,106 ha to $55,151 ha) . Under this particular fresh market price scenario, it is not possible to be optimistic about the economics of DN strawberry production, even with yields as high as 1.27 kg/ plant (36,450 kgÁha -1 ). Furthermore, based on several years of evaluation of DN cultivars in this region, it would probably be more realistic to use average market yields closer to %1 kg/plant for economic analysis, especially with the cv. Albion, which is approximately one-third less productive than 'Seascape'.
Thus, for season extension with strawberries in summer and fall to be an attractive enterprise at production levels identified through this research project (%1 kg/plant), higher wholesale prices will be needed, or perhaps ''local'' fresh markets can be developed similar to those that are now becoming available to North Carolina strawberry plasticulture growers who are shipping 'Camarosa' (SD type) to chain supermarkets in the region at prices that will often vary from $10 to $14 per flat (equivalent to $2.76 to $3.31 kg).
In the initial stages, growers in the southern Appalachians may want to concentrate on development of direct market opportunities (selling by pick-your-own, ready-pick, roadside stands, and in farmers' markets). Along these lines, a grower near the Upper Mountain Research Station is currently marketing summer season 'Seascape' at $3.67 kg (1.67 lb) in a nearby farm market. Table 7 can be useful for evaluating the influence of varying yield and price level combinations on potential net revenue per kilogram. It can be seen from this table that a yield of 1 kg/plant is the breakeven yield (Safley et al., 2004) for a price point of $9.00 flat (eight clamshells, 454 g), which is equivalent to $2.48 kg, or %$1.12 lb (Table 7) . Growers with average marketable yields of 1 kg/plant and receive an average price of $12 flat ($3.31 kg) could potentially generate net revenue of $0.88 kg, or $25,256 ha ($10,225 per acre) assuming a plant density of 28,700 plants/ha, and this compares favorably with the profit potential of a well-managed direct-market strawberry plasticulture operation in North Carolina (Safley et al., 2004) .
Although we still have numerous ''research questions'' related to identifying optimum DN cultivars and production methods, including alternatives to methyl bromide fumigation (Welker, 2008) for growers in the southern Appalachians, our program's research in the near term is going to place Table 4 ).
x Harvest and marketing costs vary directly with yield level and are computed at $1.54 kg (see Table 4 ). 'local produce'' in hopes of establishing some baseline information about whether buyers will provide a price premium for locally grown strawberries in the offseason (Lantz et al., 2008) . Table 7 . Estimated net revenue for day-neutral strawberries for varying marketable yield levels and price levels.
Day-neutral strawberry prices Mkt. yield Breakeven $5.00 $6.00 $7.00 $8.00 $9.00 $10.00 $11.00 $12.00 $13.00 $14. 
